UTILITY PATENT 
APPLICATION TRANSMITTAL 

(Only for new nonprovisional applications 
under 37 CFR 1.53(b)) 



PWV Ray if qppK ^afrl^^^^lirriiralff 



Attorney Docket No. 



000761 



Total Pages 



First Named Inventor or Application Identifier 



Akio ITOH 



Express Mail Label No. 




APPLICATION ELEMENTS FOR: 
SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 



ADDRESS TO: Director of Patents and Trademarks 

BOX PATENT APPLICATIONS 
Washington, D.C. 20231 



1 . [XX] Fee Transmittal Form (Incorporated within this form) 
(Submit an original and a duplicate for fee processing) 



2. [XX] Specification 

3. [XX] Drawing(s) (35 USC 113) 
H. [XX] Oath or Declaration 

I a. [XX] Newly executed (original) 



Total Pages [47] 
Total Sheets [23] 
Total Pages [5] 



t [ ] Copy from prior application (37 CFR 1.63(d) 
f (for continuation/divisional with Box 17 completed). 

i. [ ] Deletion of Inventorfs) 

Signed statement attached deleting inventor(s) named in prior application, 
1 see 37 CFR 1.63(d)(2) and 1.33(b). 

16. [ ] Incorporation by reference (useable if box 4b is checked) 

1 The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied under 

1 Box 4b, is considered as being part of the disclosure of the accompanying application and is hereby 

3 incorporated by reference therein. 

6. [ ] Microfiche Computer Program (Appendix) 

7. [ ] Nucleotide and/or Amino Acid Sequence Submission (if applicable, all necessary) 

a. [ ] Computer Readable Copy 

b. [ ] Paper Copy (identical to computer copy) 

c. -[ ] Statement Verifying identity of above copies 

ACCOMPANYING APPLICATION PARTS 

8. [XX] Assignment Papers (cover sheet and document(s)) 

9. [ ] 37 CFR 3.73(b) Statement (when there is an assignee) [XX] Power of Attorney 



PTO/SB/05 



UTILITY PATENT 
APPLICATION TRANSMITTAL 

(Only for new nonprovisional applications 
under 37 CFR 1.53(b)) 



Attorney Docket No. | 000761 



First Named Inventor or Application Identifier 



Akio ITOH 



PAGE 2 OF 3 



10. [ ] English translation Document (if applicable) 

1 1 . [XX] Information Disclosure Statement [XX] Copies of IDS Citations (PTO-1449 w/10 refs.) 

12. [ ] Preliminary Amendment 

13. [XX] Return Receipt Postcard (MPEP 503) 



14. [ ] Small Entity Statement(s) 



15. [ ] Claim for Convention Priority 



[ ] Statement filed in prior application 
Status still proper and desired. 

[ ] Certified copy(ies) of Priority Document(s) 



a. Priority of _ 



application no. 



filed on 



is claimed under 35 USC 1 19. 



The certified copies/copy have/has been filed in prior application Serial No. . 

(For Continuing Applications, if applicable). 



■16. [ ] Other. 



1 7. If a CONTINUING APPLICATION, check appropriate box and supply the requisite information: 
I [ ] Continuation [ ] Division [ ] Continuation-in-part (CIP) of prior application no. / 



? FEE TRANSMITTAL 
The filing fee is calculated below 



Number Filed 



Number Extra 



Rate 



Basic 
Fee 

$690.00 



Total Claims 



19 - 20 



x $18.00 



Independent Claims 



4 - 3 



x $78.00 



78.00 



Multiple Dependent Claims 



$260.00 



Basic Filing Fee 



768.00 



Reduction by 1/2 for small entity 



Fee for recording enclosed Assignment 
TOTAL 



$40.00 



40.00 
$808.00 



PTO/SB/05 



UTILITY PATENT 
APPLICATION TRANSMITTAL 

(Only for new nonprovisional applications 
under 37 CFR 1.53(b)) 



Attorney Docket No. 



000761 



First Named Inventor or Application Identifier 



Akio ITOH 



PAGE 3 OF 3 



[XX] A check in the amount of $ 808.00 is enclosed to cover the filing fee of $768.00 and the assignment 
recordation fee of $40.00. 



to cover the filing fee and 



[ ] Please charge our Deposit Account No. 01-2340 in the total amount of 

the assignment recordation fee. A duplicate of this sheet is attached. 

[XX] The Commissioner is hereby authorized to charge payment for any additional filing fees required under 37 
CFR 1 . 1 6 or credit any overpayment to Deposit Account No. 01-2340. A duplicate of this sheet is attached. 

18. CORRESPONDENCE ADDRESS 

p ARMSTRONG, WESTERMAN, HATTORI 

I McLEL AND & NAUGHTON 

I 1725 K Street, N.W. Suite 1000 

i, Washington, D.C. 20006 

* Telephone: (202) 659-2930 

I Facsimile: (202) 887-0357 



^SUBMITTED BY 



^Typed or Printed Name Donald W. Hanson 



Reg. No. 27,133 



; ig Signature 
J^DWH/yap 




Date: June 15, 2000 



PTO/SB/05 



TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE 
SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
device and a method of manufacturing the same and, more 
particularly, a semiconductor device represented by a 
nonvolatile semiconductor memory (FeRAM: Ferroelectric 
Random Access Memory) using ferroelectric material for 
a dielectric film of a capacitor, or a volatile 
semiconductor memory (DRAM: Dynamic Random Access 
Memory) using high-dielectric material for the 
dielectric film of the capacitor, or a hybrid system 
LSI consisting of such memory device and a logic device, 
and a method of manufacturing the same. 

2. Description of the Prior Art 

In recent years, FeRAM which uses the 
ferroelectric material for the dielectric film of the 
capacitor become the focus of public attention as the 
nonvolatile semiconductor memory with low power 
consumption. Also, in recent years, miniaturization 
and higher integration of the semiconductor memory are 
requested. In order to satisfy such request, DRAM that 
uses the high- dielectric material for the dielectric 
film of the capacitor has been developed. 
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Normally, metal oxides are used as the 
ferroelectric material of FeRAM and the high-dielectric 
material of DRAM respectively. 

Such the ferroelectric material and the high- 
5 dielectric material are weak at the reducing atmosphere. 

Especially the ferroelectric material has such a 
property that the polarization characteristic is 
readily degraded. 

In Patent Application Publication (KOKAI) Hei 9- 

10 307074, as the method of preventing the degradation in 

the polarization characteristic of the ferroelectric 
material, it is set forth that reduction of the 
dielectric film of the capacitor can be prevented if an 
underlying insulating film formed of sputter silicon 

15 oxide or SOG (Spin-On-Glass) is formed on the capacitor 

and then an overlying insulating film formed of silicon 
oxide is formed on the underlying insulating film by 
using ozone and TEOS ( tetraethoxysilane : Si (OC2H5 ) 4 ) . 
Also, in Patent Application Publication (KOKAI) Hei 10- 

20 275897, it is set forth that the degradation in the 

polarization characteristic of the capacitor formed 
below the wiring conductive film can be prevented if 
the wiring conductive film is not formed in the 
reducing atmosphere by using the metal CVD (Chemical 

2 5 Vapor Depo s it ion ) equipment or the MO ( Met al Organic ) 

CVD equipment, but formed by the DC sputter. In this 
Publication, it is also set forth that the Si02 film is 
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formed on the capacitor by the plasma enhanced CVD 
method using TEOS and then the wiring is connected the 
upper electrode of the capacitor via the hole formed in 
the SiC>2 film. 

5 In addition, in Patent Application Publication 

(KOKAI) Hei 11-238855, such a structure is set forth 
that the thin conductive pattern (wiring) is connected 
the upper electrode of the capacitor via the hole 
formed in the thin insulating film covering the 

10 capacitor, then the thick aluminum wiring pattern is 
formed on the insulating film covering the conductive 
pattern, and then the insulating film is formed to 
cover the aluminum wiring pattern. 

However, in Patent Application Publication (KOKAI) 

15 Hei 11-238855, since the film thickness of the aluminum 

wiring pattern used as the bit line is thick, the level 
of surface unevenness of the interlayer insulating film 
formed on the wiring pattern is increased. 

Then, if the unevenness of the interlayer 

20 insulating film covering the aluminum wiring pattern is 

increased, the focus of the exposure light is ready to 
be defocused in the photolithography step applied to 
form the upper wiring on the interlayer insulating film. 
Thus, the problem that patterning precision of the 

25 upper wiring is lowered is caused. In particular, if 

the interlayer insulating film is formed by the plasma 
enhanced CVD method, the level of the surface 
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unevenness of the interlayer insulating film is ready 
to increase. 

In contrast, it is possible to consider that the 
HDP (High Density Plasma) CVD SiC>2 film which has small 
5 surface unevenness may be formed. In this case, there 

is a possibility that hydrogen attacks into the 
insulating film in forming the HDP CVD SiC>2 film to 
thus reduce the oxide dielectric film of the capacitor 

10 SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a semiconductor device capable of forming the 
wiring, that is formed over the capacitor using 
ferroelectric material or high-dielectric material and 

15 the bit line, with good precision and also preventing 
degradation of the capacitor, and a method of 
manufacturing the same. 

According to one aspect of the present invention, 
the semiconductor device comprises the capacitor using 

20 the ferroelectric material or the high- dielectric 

material, the first wiring formed on the capacitor via 
the insulating film, the insulating film which is 
formed on the first wiring and whose upper surface is 
planarized, and the second wiring formed on the 

25 insulating film. 

Therefore, the pattern of the second wiring formed 
over the capacitor using the ferroelectric material or 



the high- dielectric material can be formed with good 
precision. 

Also, another aspect of the present invention 
includes the steps of forming the first insulating film 
over the capacitor after the capacitor using the 
ferroelectric material or the high-dielectric material 
as the dielectric film is formed, and then planarizing 
the first insulating film by the CMP (Chemical 
Mechanical Polishing) method, for example. 

In the polishing step, not only the moisture in 
the abrasive agent or the moisture in the cleaning 
solution is attached to the surface of the first 
insulating film, but also the moisture enters into the 
first insulating film. In the present invention, in 
order to remove the moisture attached to the surface of 
the first insulating film and the moisture entering 
into the first insulating film, the dehydration process 
is applied to the polished surface of the first 
insulating film by the plasma annealing in the plasma 
atmosphere of the N2O gas or the NO gas, for example. 

Incidentally, if the moisture in/on the insulating 
film is removed in the electric furnace, the heating 
temperature in the electric furnace is limited to under 
450 °C for preventing the metal wiring, for example, 
aluminum wiring, under the insulating film from 
deteriorating. However, the annealing of such the low 
temperature is incompetent to bring an effect of the 
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dehydration. While, in the present invention, the 
plasma annealing is competent to remove the moisture 
in/on the insulating film under 450 °C . And, the metal 
wiring under the insulating layer is hard to be 
5 oxidized in the low temperature of under 450 °C . 

The moisture in the first insulating film can be 
removed more firmly by the plasma annealing rather than 
the simple thermal process. Therefore, reduction of 
the ferroelectric film or the high- dielectric film and 

10 degradation of the capacitor due to the moisture on the 

surface of the first insulating film or in the first 
insulating film can be prevented, and thus the good 
FeRAM or DRAM can be manufactured. 

When the first insulating film is formed of 

15 silicon oxide, at least the surface of the first 

insulating film includes nitrogen after the plasma 
annealing used N2O or N2. 

When the cavities (blowholes, voids or key holes) 
are formed in the first insulating film whose surface 

20 is planarized by the CMP method, the cavities are 
exposed from the polished surface like slits in some 
cases. Then, if the wiring layer is formed on the 
polished surface, there is such a possibility that, 
because the conductive material constituting the wiring 

25 layer is filled into the cavities, a plurality of 

wiring crossing the. cavities are short-circuited. For 
this reason, it is preferable that the second 
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insulating film should be formed on the polished 
surface of the first insulating film to cover or fill 
the cavities exposed from the polished surface of the 
first insulating film. 
5 In order to achieve the above advantage without 

fail, it is preferable that the thickness of the second 
insulating film is set to 100 nm or more. 

If the cavities being not covered with the second 
insulating film is produced partially since the width 

10 of the cavities exposed from the polished surface is 
varied, there is a possibility that slits are formed on 
a part of slits in the metal film formed on the second 
insulating film. If the slits exit on the metal film, 
the capacitor is degraded in some cases because the 

15 hydrogen enters into the first insulating film via the 
slits. Therefore, it is preferable that, in order to 
prevent generation of the slits on the metal film, the 
film thickness of the second insulating film should be 
set to at least 300 nm. 

20 In addition, the second insulating film is formed 

on the first insulating film and then the above plasma 
annealing may be applied. In this case, not only 
degradation of the first and second insulating films 
can be avoided, but also the moisture contained in the 

25 first and second insulating films can be removed 
s imul t aneous ly . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS.l to 16 are sectional views showing a 
semiconductor device manufacturing method according to 
5 an embodiment of the present invention; 

FIG.17A is a sectional view showing a sectional 
shape taken along a I-I line in FIG. 8, and FIG.17B is a 
sectional view showing a sectional shape taken along a 
II -II line in FIG. 9, and FIG.17C is a sectional view 
10 showing a sectional shape taken along a III -III line in 

FIG. 11, and FIG.17D is a sectional view showing a 
sectional shape taken along a IV-IV line in FIG. 13; 

FIG . 18A is a sectional view showing a sectional 
shape in FIG.17B depicted based on a microphotograph, 
15 and FIG.18B is a sectional view showing a sectional 

shape in FIG.17C depicted based on a microphotograph; 

FIGS.19A to 19D are sectional views showing steps 
by which cavities shown in FIG.17B are not sufficiently 
buried by an insulating film; 
20 FIG. 20 is a graph showing a leakage current and a 

cumulative probability in a capacitor that is used in a 
memory cell of a semiconductor device according to the 
embodiment of the present invention, wherein an 
ordinate denoting the cumulative probability and an 
25 abscissa denoting the leakage current are plotted in a 

logarithmic scale; 

FIG. 21 is a plane view showing arrangement of 
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conductive patterns of a memory cell region of the 
semiconductor device according to the embodiment of the 
present invention; and 

FIG. 22 is a graph showing a dependency of a 
5 polarization charge amount on a dehydration process 
time in the capacitor formed in the semiconductor 
device according to the embodiment of the present 
invention. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be 
explained in detail with reference to the accompanying 
drawings hereinafter. 

FIGS .1 to 16 are sectional views showing a 

15 semiconductor device manufacturing method according to 

an embodiment of the present invention in order of the 
manufacturing step. In this disclosure, FeRAM will be 
explained by way of example of the semiconductor device 
of the embodiment. 

20 First, steps required to obtain a sectional shape 

shown in FIG.l will be explained hereunder. 

As shown in FIG.l, by using LOCOS (Local 
Oxidation of Silicon) method, a device isolation 
insulating film 11 is formed on a part of a surface of 

25 a p-type silicon (semiconductor) substrate 10 

selectively. Other device isolation structure forming 
method in addition to LOCOS, a method of STI (Shallow 
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Trench Isolation) may be employed as the device 
isolation insulating film 11. 

After such device isolation insulating film 11 is 
formed, a p-well 12a and an n-well 12b are formed by 
5 doping selectively p-type impurity and n-type impurity 

into predetermined active regions (transistor forming 
regions) of a memory cell region 1 and a peripheral 
circuit region 2 on the silicon substrate 10. Although 
not shown in FIG.l, a p-well (not shown) used to form 
10 CMOS is also formed in the peripheral circuit region 2. 

Then, a silicon oxide film is formed as a gate 
insulating film 10a by thermally oxidizing a surface of 
the active region of the silicon substrate 10. 

Then, an amorphous silicon film and a tungsten 
15 silicide film are formed in sequence on the overall 
upper surface of the silicon substrate 10, and then the 
amorphous silicon film and the tungsten silicide film 
are patterned into predetermined shapes by the 
photolithography method. Thus, gate electrodes 13a to 
20 13c and a wiring 14 are formed. A polysilicon film may 

be formed in place of the amorphous silicon film 
constituting the gate electrodes 13a to 13c. 

In the memory cell region 1, two gate electrodes 
13a, 13b are arranged in almost parallel on one p-well 
25 12a. These gate electrodes 13a, 13b constitute a part 

of the word line WL. 

Then, in the memory cell region 1, n-type 
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impurity diffusion regions 15a serving as source/drain 
of the n-channel MOS transistor are formed by 
implanting n-type impurity into the p-well 12a on both 
sides of the gate electrodes 13a, 13b. At the same 
5 time, an n-type impurity diffusion region may be formed 

on the p-well (not shown) of the peripheral circuit 
region 2. In turn, in the peripheral circuit region 2, 
p-type impurity diffusion regions 15b serving as 
source/drain of the p-channel MOS transistor are formed 

10 by implanting p-type impurity into the n-well 12b on 

both sides of the gate electrode 13c. The implantation 
of the n-type impurity and the p-type impurity is 
separated by using the resist pattern. 

Then, an insulating film is formed on the overall 

15 surface of the silicon substrate 10, and then sidewall 

insulating films 16 are formed on both sides of the 
gate electrodes 13a, 13b and the wiring 14 by etching 
back the insulating film. Silicon oxide (Si02> may be 
formed as the insulating film by the CVD method, for 

20 example . 

Then, a silicon oxide-nitride (SiON) film of 
about 200 nm thickness is formed as a cover film 3 on 
the overall surface of the silicon substrate 10 by the 
plasma enhanced CVD method. Then, the silicon oxide 

25 (SiC>2) of about 1.0 Mm thickness is grown on the cover 

film 3 by the plasma enhanced CVD method using a TEOS 
gas, whereby a first interlayer insulating film 17 is 



formed . In this case, the S1O2 film that is formed by 
the plasma enhanced CVD method using the TEOS gas is 
also referred to as a TEOS film hereinafter. 

Then, as the densifying process of the first 
5 interlayer insulating film 17, such first interlayer 

insulating film 17 is annealed at the temperature of 
700 °C for 30 minutes in the nitrogen atmosphere at the 
atmospheric pressure. Then, an upper surface of the 
first interlayer insulating film 17 is planarized by 

10 polishing the first interlayer insulating film 17 by 
using the CMP (Chemical Mechanical Polishing) method. 

Next, steps required to obtain a sectional shape 
shown in FIG. 2 will be explained hereunder. 

First, contact holes 17a to 17d whose depth 

15 reaches the impurity diffusion regions 15a, 15b and a 
via hole whose depth reaches the wiring 14 are formed 
in the first interlayer insulating film 17 by the 
photolithography method respectively. Then, a Ti 
(titanium) thin film of 20 nm thickness and a TiN 

20 (titanium nitride) thin film of 50 nm thickness are 

formed in sequence on the first interlayer insulating 
film 17 and in the holes 17a to 17e by the sputter 
method. Then, W (tungsten) is grown on the TiN thin 
film by the CVD method. As a result, the tungsten film 

25 is buried in the contact holes 17a to 17d and the via 

hole 17e. 

Then, the tungsten film, the TiN thin film, and 
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the Ti thin film are polished by the CMP method until 
the upper surface of the first interlayer insulating 
film 17 is exposed. The tungsten film, etc. remained in 
the holes 17a to 17e after this polishing are used as 
5 plugs 18a to 18e that are used to electrically connect 

a wiring (interconnection) described later to the 
impurity diffusion regions 15a, 15b and the wiring 14. 

The first plug 18a formed on the n-type impurity 
diffusion region 15a, that is put between two gate 

10 electrodes 13a, 13b on one p-well 12a in the memory 

cell region 1, is connected to the bit line described 
later, and two remaining second plugs 18b are connected 
to the capacitor described later. 

In this case, after the contact holes 17a to 17d 

15 and the via hole 17e are formed, impurity may be ion- 

implanted into the impurity diffusion regions 15a, 15b 
for the purpose of contact compensation. 

Then, as shown in FIG. 3, in order to prevent the 
oxidation of the plugs 18a to 18e, an SiON film 

20 (insulating film) 21 of 100 nm thickness is formed on 

the first interlayer insulating film 17 and the plugs 
18a to 18e by the plasma enhanced CVD method using 
silane (SiH4) and then an Si0 2 film 22 of 150 nm 
thickness is formed by the plasma enhanced CVD method 

25 using TEOS and oxygen as a reaction gas. This SiON 

film 21 is formed to prevent the penetration of the 
moisture into the first interlayer insulating film 17. 



Then, in order to densify the SiON film 21 and 
the SiC>2 film 22, these films are annealed at the 
temperature of 650 °C for 30 minutes in the nitrogen 
atmosphere at the atmospheric pressure. 
5 The first inter layer insulating film 17 and the 

Si02 film 22, that are formed by the plasma enhanced 
CVD method using the TEOS gas, are annealed at the 
temperatures of 700 °C and 650 °C respectively. In this 
case, since the metal film such as the aluminum film 

10 with a low melting point does not exit below these 
films, the annealing of these films to such extent 
exerts no bad influence upon the underlying film. 

Next, as shown in FIG. 4, a first conductive film 
23a having a double -layered structure is formed on the 

15 SiC>2 film 22 by depositing Ti and Pt (platinum) in 

sequence with the use of the DC (Direct Current) 
sputter method. In this case, a thickness of the Ti 
film is set to about 10 to 30 nm, and a thickness of 
the Pt film is set to about 100 to 300 nm. For example, 

20 a thickness of the Ti film is set to 20 nm, and a 

thickness of the Pt film is set to 175 nm. A film made 
of iridium, ruthenium, ruthenium oxide, iridium oxide, 
strontium ruthenium oxide ( SrRu03 ) , or the like may be 
formed as the first conductive film 23a. 

25 Then, a PZT film 24a of 100 to 300 nm thickness 

is formed on the first conductive film 23a by 
depositing lead zirconate titanate (PZT: Pb(Zri_ 



x Ti x )C>3) as the ferroelectric material by using the RF 
(Radio Frequency) sputter method. For example, a 
thickness of the PZT film 24a is set to 240 nm. 

Then, as the crystallizing process of the PZT 
5 film 24a, the RTA (Rapid Thermal Annealing) of the PZT 

film 24a is performed at the temperature of 650 °C to 
850 °C for 30 to 120 seconds in the oxygen atmosphere. 
For example, the PZT film 24a is annealed at the 
temperature of 750 °C for 60 seconds. 

10 As the method of forming the ferroelectric film, 

there are the spin-on method, the sol-gel process, the 
MOD (Metal Organic Deposition) method, and the MOCVD 
method in addition to the above sputter method. Also, 
as the ferroelectric material, there are lanthanum lead 

15 zirconate titanate (PLZT), SrBi2 (Ta x Nbi_ x )209 (where 

0<x<l), Bi 4 Ti 2 Oi2, etc. in addition to PZT. In 
addition, in order to construct the DRAM, the high- 
dielectric material such as (BaSr)Ti03 (BST), strontium 
titanate (STO), etc. may be used in place of the above 

20 ferroelectric material. 

After such PZT film 24a is formed, a Pt film of 
100 to 300 nm thickness is formed as a second 
conductive film 25a on the PZT film 24a by the DC 
sputter method. For example, a thickness of the second 

25 conductive film 25a is set to 200 nm. As the second 

conductive film 25a, an iridium oxide (Ir02) film or 
ruthenium strontium oxide (SRO) may be formed by the 



sputter method. 

Then, a capacitor Q having a predetermined shape, 
as shown in FIG, 5, is formed by patterning the second 
conductive film 25a, the PZT film 24a, and the first 
5 conductive film 23a in sequence by virtue of the 

photolithography method. 

At this time, the second conductive film 25a 
serves as an upper electrode 25, the PZT film 24a 
serves as a dielectric film 24, and the first 

10 conductive film 23a serves as a lower electrode 23. 

Thus, the capacitor Q is formed of the upper electrode 
25, the dielectric film 24, and the lower electrode 23. 
Actually, the capacitors Q of the same number as the 
MOS transistors formed in one p-well 12a are formed 

15 around the p-well 12a. 

In the meanwhile, after the upper electrode 25 is 
formed by patterning the second conductive film 25a, 
the recovery annealing is applied to remove the damage 
of the capacitor Q. More particularly, after the 

20 silicon substrate 10 is placed in the oxygen atmosphere, 

the capacitor Q is annealed at the temperature of 500 
to 700 °C for 30 to 120 minutes. For example, the 
recovery annealing is applied by heating at the 
temperature of 650 °C for 60 minutes. Also, after the 

25 lower electrode 23 is formed by patterning the first 

conductive film 23a, the recovery annealing is applied 
under the same conditions. 
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As shown in FIG, 6 , after the capacitor Q is 
formed via steps mentioned above, a second interlayer 
insulating film 26 having a double -layered structure 
consisting of the TEOS film and the SOG (Spin -On -Glass) 
5 film is formed on the overall surface such that the 

capacitor Q is covered by the second interlayer 
insulating film 26. The TEOS film of 100 to 300 nm 
thickness is formed on the overall upper surface of the 
silicon substrate 10 by the plasma enhanced CVD method 

10 using the TEOS gas at the growth temperature of 390 °C 

and the electric power of 400 W. Also, the SOG film is 
formed by coating an SOG solution on the TEOS film to 
have a thickness of 80 to 200 nm and then heating the 
SOG solution. In this example, a thickness of the TEOS 

15 film is set to 200 nm and a thickness of the SOG film 

is set to 100 nm. Here, since the SOG film is a 
coating insulating film, surface unevenness of the SOG 
film becomes small. 

The SOG film may be removed. In this case, the 

20 thickness of the SOG film is 100 nm, and the thickness 

of the TEOS film is 500 nm. 

Then, a contact hole 26a is formed on the upper 
electrode 25 of the capacitor Q by patterning the 
second interlayer insulating film 26 by virtue of the 

25 photolithography method. Then, the recovery annealing 

is applied the dielectric film 24. More particularly, 
the capacitor Q is annealed in the oxygen atmosphere at 



the temperature of 500 to 650 °C for 30 to 120 minutes. 
In this example, the recovery annealing is applied by 
heating at the temperature of 550 °C for 60 minutes. 

Then, a contact hole 26b is formed on the second 
5 plug 18b in the memory cell region 1 by patterning the 
second interlayer insulating film 26, the SiON film 21, 
and the Si0 2 film 22 by virtue of the photolithography 
method to expose the second plug 18b. Then, a TiN film 
of 100 nm thickness is formed on the second interlayer 

10 insulating film 26 and in the contact holes 26a, 26b by 

the sputter method. In turn, a local interconnection 
27 that is used to connect electrically the second plug 
18b on the p-well 12a and the upper electrode 25 of the 
capacitor via the contact holes 26a, 26b in the memory 

15 cell region 1 is formed by patterning the TiN film by 

virtue of the photolithography method. 

Then, steps required to construct a sectional 
shape shown in FIG. 7 will be explained hereunder. 

First, the TEOS film of 200 to 400 nm, e.g., 300 

20 nm thickness is formed on the local interconnection 27 

and the second interlayer insulating film 26 by the 
plasma enhanced CVD method. This TEOS film is used as 
a third interlayer insulating film 31. In this case, 
the unevenness of the upper surface of the third 

25 interlayer insulating film 31 is not large to need the 

polishing, owing to the unevenness of the upper surface 
of the underlying second interlayer insulating film 26. 



Then, if respective films from the third 
interlayer insulating film 31 to the SiON film 21 are 
patterned by virtue of the photolithography method, a 
contact hole 31a is formed on the first plug 18a 
5 positioned in a center area of the p-well 12a in the 

memory cell region 1 and also contact holes 31c to 31e 
are formed on respective plugs 18c to 18e in the 
peripheral circuit region 2. 

Then, a Ti film, a TIN film, an Al (aluminum) 

10 film, and a TiN film are stacked in sequence on the 

third interlayer insulating film 31 and in the contact 
holes 31c to 31e to constitute four layers. If these 
metal films are patterned, a bit line 32a is formed in 
the memory cell region 1 and also wirings 32c to 32e 

15 are formed in the peripheral circuit region 2. The bit 

line 32a and the wirings 32c to 32e act as the first - 
layer aluminum wiring (interconnection). 

The bit line 32a in the memory cell region 1 is 
connected to the first plug 18a, and the wirings 32c to 

20 32e in the peripheral circuit region 2 are connected to 
the plugs 18c to 18e. 

As respective thicknesses of metal films 
constituting the bit line 32a and the wirings 32c to 
32e, for example, a thickness of the Ti film as the 

25 lowest layer is set to 20 nm, a thickness of the 

underlying TiN film is set to 50 nm, a thickness of the 
Al film is set to 500 nm, and a thickness of the 
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overlying TIN film is set to 100 nm. 

Then, as shown in FIG. 8, a fourth interlayer 
insulating film 33 that is formed of SiC>2 and has a 
thickness of 2.0 Mm is formed on the third interlayer 
insulating film 31, the bit line 32a, and the wirings 
32c to 32e by the plasma enhanced CVD method using the 
TEOS gas and the oxygen (O2) gas. 

The plasma CVD equipment includes a chamber in 
which a first electrode for loading the silicon 
substrate 10 thereon and a second electrode opposed to 
the first electrode are arranged, and a single 
frequency applying structure which applies a high 
frequency power to the second electrode and keeps the 
first electrode at a constant voltage. As the film 
forming conditions at this time, the growth temperature 
is less than 400 °C , e.g., 390 °C , and the pressure is 
set to 1.2 Pa. Also, the frequency of the high 
frequency power is 13.56 MHz, and the power is set to 
400 W. A flow rate ratio of the oxygen to the TEOS gas 
is set to about 1, for example. According to these 
conditions, the ferroelectric material constituting the 
capacitor Q is hardly degraded during film formation 
and the bit line 32a and the wirings 32c to 32e are not 
affected badly. 

Meanwhile, since the fourth interlayer insulating 
film 33 that is formed by the plasma enhanced CVD 
method using the TEOS gas and the oxygen gas is grown 
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isotropically, the upper surface shape of the fourth 
interlayer insulating film 33 is easily affected by the 
shape the underlying first -layer aluminum wiring such 
as the bit line 32a, the wirings 32c to 32e, etc. 
5 Accordingly, when the second- layer aluminum wiring is 
to be formed on the TEOS film serving as the bit line 
32a and the wirings 32c to 32e, such problems are 
caused that patterning precision of the second- layer 
aluminum wiring is deteriorated, the disconnection of 
10 the wiring easily occurs, etc. 

Therefore, as shown in FIG. 9, in order to 
planarize the upper surface of the TEOS film as the 
fourth interlayer insulating film 33, the step of 
polishing the upper surface by the CMP method may be 
15 employed. An amount of polishing is set to an about 
1.0 Mm in thickness from the uppermost surface. 

By the way, it becomes apparent based on the 
experiment that, if the fourth interlayer insulating 
film 33 is annealed as described later after the fourth 
20 interlayer insulating film 33 has been polished by the 

CMP method, a polarization charge amount of the 
capacitor Q can be reduced by such annealing. 

This is because the moisture in the slurry used 
in the planarization by the CMP method and the moisture 
25 in the cleaning solution used in cleaning thereafter 

are attached to the surface of the TEOS film as the 
fourth interlayer insulating film 33 or are absorbed 
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into the inner region of the TEOS film to reach the 
underlying capacitor Q, and then such moisture degrades 
the capacitor Q in annealing. 

More particularly, it may be guessed that, since 
5 the capacitor Q is annealed at the high temperature 
after the polishing of the fourth interlayer insulating 
film 33, the ferroelectric material constituting the 
dielectric film 24 of the capacitor is reduced by the 
moisture in the interlayer insulating film to loss the 

10 ferroelectric property, or interfaces between the 

ferroelectric material and the electrodes are degraded 
by the moisture. In particular, if the fourth 
interlayer insulating film 33 and the third interlayer 
insulating film 31 are annealed in the situation that 

15 the fourth interlayer insulating film 33 is covered 
with a metal film described later, the moisture 
absorbed in the fourth interlayer insulating film 33 
becomes hard to be discharged to the outside. Thus, 
the moisture penetrates into the third interlayer 

20 insulating film 31 through a clearance between the bit 

wirings 32a to reach the periphery of the capacitor Q, 
so that degradation of the capacitor Q due to the 
moisture is accelerated. 

Therefore, as shown in FIG. 10, in order to 

25 prevent the degradation of the capacitor Q by removing 
the moisture that enters into the fourth interlayer 
insulating film 33 in polishing or the moisture that is 



attached to the surface, the dehydration process is 
applied to the fourth interlayer insulating film 33 by 
the plasma annealing. 

In other words, after the fourth interlayer 
insulating film 33 is planarized by the CMP method, the 
silicon substrate 10 is loaded in the chamber of the 
plasma generation equipment (not shown), then an N2O 
gas and an N2 gas are supplied into the chamber at flow 
rates of 700 seem and 200 seem respectively and are 
plasmanized, and then the fourth interlayer insulating 
film 33 is exposed to the plasma at the substrate 
temperature of less than 450 °C, e.g., 350 °C, for three 
minutes, preferably more than four minutes. 
Accordingly, the moisture in the fourth interlayer 
insulating film 33 is discharged to the outside, and 
SiON is formed in at least the surface of the fourth 
interlayer insulating film 33 by introducing nitrogen 
and thus the moisture is hard to enter there into after 
this. 

If the plasma TEOS film is nitrogenized by 
heating without plasma, in N 2 atmosphere, the 
nitrogenizing temperature is required more than 1000 °C. 
Because, the N 2 is inactive, when more active gas than 
N 2 gas, for example, ammonia (NH3) gas, is employed to 
nitrogenize the plasma TEOS, the heating temperature is 
required more than 750 °C . Such temperature melts the 
aluminium wiring under the plasma TEOS film. 
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The plasma annealing Is most effective 
nitrogenizing of the plasma TEOS film. 

Since the plasma annealing is performed at the 
temperature of less than 450 °C , such annealing never 
5 affects adversely the first -layer aluminum wirings 32a, 

32c to 32e formed below the fourth interlayer 
insulating film 33. 

Meanwhile, in Patent Application Publication 
(KOKAI) Hei 10-83990 (United States Patent 6017784), it 

10 is set forth that the silicon oxide film is formed by 

using the TEOS gas and then hydrogen in the silicon 
oxide film is degassed by the N2 or N2O plasma process. 
This plasma process is neither applied to the polished 
silicon oxide film nor the silicon oxide film covering 

15 the ferroelectric capacitor. 

In contrast, in the embodiment of the present 
invention, after the surface of the fourth interlayer 
insulating film 33 made of Si0 2 formed by using The 
TEOS is polished, the plasma annealing is applied to 

20 the fourth interlayer insulating film 33. In the above 

reference, there is no recitation to the effect that 
the N 2 0 plasma annealing is effective to remove the 
moisture that enters in the polishing process. Also, 
in the embodiment of the present invention, it becomes 

25 apparent that good characteristics of the dielectric or 

high-dielectric capacitor Q can be maintained via the 
plasma annealing under the above conditions. 



As shown in FIG. 11, after the above plasma 
annealing has been finished, the TEOS film as a 
redeposited interlayer insulating film 34 is formed on 
the fourth interlayer insulating film 33 to have a 
5 thickness of more than 100 nm, e.g., 200 nm. As 
described later, the redeposited interlayer insulating 
film 34 is formed to cover cavities that appear on the 
polished surface of the fourth interlayer insulating 
film 33. The redeposited interlayer insulating film 34 

10 acts as a cap layer and also has an advantage to 

prevent the moisture reabsorption of the fourth 
interlayer insulating film 33. An optimum film 
thickness of the redeposited interlayer insulating film 
34 will be described later. 

15 in this case, the N2O plasma annealing may be 

applied to the redeposited interlayer insulating film 
34. 

Then, as described above, sometimes the cavities 
that are called key holes or slits (also called 

20 blowholes or voids) appear on the polished surface of 

the fourth interlayer insulating film 33. The reason 
for this will be given in the following. 

If the TEOS film is formed by the plasma enhanced 
CVD method, such TEOS film is grown isotropically. 

25 Then, the film thickness becomes about 2.0 Mm, the 
cavities are ready to generate between the first -layer 
aluminum wirings, i.e., between the bit lines 32a in 



the memory cell region 1 and the first -layer aluminum 
wirings 32c to 32e in the peripheral circuit region 2. 

In this case, as shown in FIG.17A, since the bit 
lines 32a are lifted up by the capacitor Q, the 
5 cavities 33u generated between the bit lines 32a are 
formed at the higher location than those in other 
regions . 

Therefore, as shown in FIG.17B, after the fourth 
interlayer insulating film 33 formed of the TEOS film 
10 is polished, the bit lines 32a formed in the memory 

cell region 1 are easily exposed from the polished 
surface . 

FIG . 17A is a sectional view showing a sectional 
shape taken along a I -I line in FIG. 8, and FIG.17B is a 

15 sectional view showing a sectional shape taken along a 
II-II line in FIG. 9. In FIG.17A and FIG.17B, 

references 32f, 32g denotes the first-layer aluminum 
wiring respectively. 

In this manner, the cavities 33u exposed from the 

20 fourth interlayer insulating film 33 in the memory cell 
region 1 appear like a slit along the bit lines 32a 
between them. Therefore, if a wiring forming metal 
film is directly formed on the fourth interlayer 
insulating film 33 in the situation that the cavities 

25 33u are exposed, the metal film is filled into the 

cavities. Thus, after the wiring is formed by 
patterning the metal film, the metal film in the 



cavities 33u is not removed and be still left. Since 
the metal film in the cavities 33u acts as the medium 
that short-circuits the mutual wirings formed of the 
same metal film, it is necessary not to form previously 
the metal film in the cavities 33u. 

In the present embodiment, as shown in FIG. 11, 
since the polished surface of the fourth interlayer 
insulating film 33 is covered with the redeposited 
interlayer insulating film 34 after the fourth 
interlayer insulating film 33 is polished, the metal 
film is not formed in the cavities 33u exposed from the 
polished surface of the fourth interlayer insulating 
film 33. A sectional shape taken along a III-III line 
in FIG. 11 is shown like FIG.17C. 

FIG.18A is a sectional view showing the fourth 
interlayer insulating film 33 and an underlying 
structure if no redeposited interlayer insulating film 
34 is provided, and FIG.18B is a sectional view showing 
the state that the redeposited interlayer insulating 
film 34 is formed on the fourth interlayer insulating 
film 33. In this case, FIGS.18A and 18B are 
illustrated based on a sectional microphotographs of 
the memory cell region of the FeRAM. 

After the above redeposited interlayer insulating 
film 34 is formed, the process is advanced to the step 
of forming the second- layer aluminum wiring, as shown 
in FIG. 12 to FIG. 16. 



First, as shown in FIG. 12, a via hole 33a that 
reaches the first - layer aluminum wiring , e.g., the 
wiring 3 2d in the peripheral circuit region 2 is formed 
by patterning the redeposited interlayer insulating 
5 film 34 and the fourth interlayer insulating film 33 by 

using the photolithography method. After this, the 
surface of the wiring 3 2d formed under the fourth 
interlayer insulating film 33 is etched by a 
predetermined depth, e.g., a depth of 35 nm, through 

10 the via hole 33a. 

Then, as shown in FIG. 13, a Ti film of 20 nm 
thickness and a TIN film of 50 nm thickness are formed 
in sequence in the via hole 33a and on the redeposited 
interlayer insulating film 34 by the sputtering. These 

15 films constitute a glue layer 35a. Here, FIG.17D is a 

sectional view showing a sectional shape taken along a 
IV- IV line in FIG. 13. 

Then, tungsten seed (not shown) is formed on the 
glue layer 35a by the CVD method using a tungsten 

20 hexafluoride (WFe) gas and a silane (SiH4) gas. Then, 
a tungsten film 35b is formed on the glue layer 35a at 
the growth temperature of 430 °C by adding a hydrogen 
(H2) gas to the WFs gas and the silane (SiH4) gas. 
Thus, as shown in FIG. 14, the glue layer 35a and the 

25 tungsten film 35b are filled in the via hole 33a. 

Then, the tungsten film 35b formed on the 
redeposited interlayer insulating film 34 is removed by 



the CMP method or the etching-back to be left only in 
the via hole 33a. At this time, the glue layer 35a 
formed on the redeposited interlayer insulating film 34 
may be removed or left as it is. FIG. 15 shows the case 
where the glue layer 35a is removed from the upper 
surface of the redeposited interlayer insulating film 
34 by the CMP method. 

Accordingly, a via (plug) 35 that electrically 
connects the wiring 32 to the overlying wiring 36 is 
formed in the via hole 33a. 

Meanwhile, a width of the cavity 33u appeared 
from the polished surface of the fourth interlayer 
insulating film 33 is not uniform because of variation 
in polishing by the CMP method and so on. If the 
exposed width of the cavity 33u is varied, following 
problems are caused. That is, as shown in FIG.19A, 
when the thin redeposited interlayer insulating film 34 
is formed on the cavities 33u exposed from the fourth 
interlayer insulating film 33, the cavities 33u are not 
completely covered with the redeposited interlayer 
insulating film 34 and a part of them is still exposed, 
as shown in FIG.19B. Then, as shown in FIG.19C, if the 
above glue layer 35a is formed under such condition, 
there is a possibility that such glue layer 35a is 
disconnected on the cavities 33u to form slits. If 
such slits exit, hydrogen in the reaction gas employed 
in forming the tungsten film 35b enters into the fourth 



interlayer insulating film 33 via the slits, as shown 
in FIG.19D. The hydrogen penetrated into the fourth 
interlayer insulating film 33 is not preferable since 
it reduces the capacitor Q to degrade the capacitor 
5 characteristic . 

Therefore, it becomes apparent from the 
experimental results that, in order to cover without 
fail the cavities 33u exposed from the fourth 
interlayer insulating film 33, the film thickness of 

10 the redeposited interlayer insulating film 34 in excess 

of at least 300 nm is needed . 

Then, it is examined to which extent the film 
thickness of the redeposited interlayer insulating film 
34 should be formed in order to prevent the situation 

15 that the glue layer 35a and the tungsten film 35b are 

filled into the cavities 33u. Thus, the result shown 
in FIG. 20 is derived. An ordinate of FIG. 20 denotes a 
leakage occurring frequency between the wirings and an 
abscissa denotes a leakage current value. According to 

20 the result in FIG. 20, it can be understood that, if the 

film thickness of the redeposited interlayer insulating 
film 34 is 50 nm, the leakage occurring frequency 
between the wirings is large and then leakage occurring 
frequency between the wirings is reduced as the film 

25 thickness is increased, and the short-circuit between 

the wirings can be substantially prevented at the film 
thickness of 100 nm. Accordingly, it is desired that, 
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in order to reduce the leakage between the wirings 
because of the exposure of the cavities 33u, the film 
thickness of the redeposited interlayer insulating film 
34 should be set to at least 100 nm. 
5 In contrast, a relationship between the film 

thickness of the redeposited interlayer insulating film 
34 and change in the polarization charge amount of the 
capacitor is examined based on the accelerated test 
after a series steps are finished such that the glue 

10 layer 35a and the tungsten film 35b are formed on the 

redeposited interlayer insulating film 34, then the 
plug 35 is formed by patterning them, the second- layer 
aluminum wiring described later is formed thereon, and 
then the second- layer aluminum wiring is covered with 

15 the insulating film. Then, the result shown in Table 1 

are obtained . In this case, the accelerated test is 
performed by heating the substrate up to the 
temperature of 200 °C for one hour in the atmosphere. 
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According to Table 1, in the state prior to the 
accelerated test, the polarization charge amount is 
slightly larger if the redeposited interlayer 
insulating film is formed thicker . In contrast, after 
5 annealing, difference of the polarization charge amount 

between samples becomes remarkable. Especially, if the 
film thickness of the redeposited interlayer insulating 
film 34 is 0 nm, i.e., if the redeposited interlayer 
insulating film 34 is not formed, the polarization 

10 charge amount is reduced to the half or less after the 
annealing and the characteristic of the ferroelectric 
capacitor Q is considerably degraded. In addition, if 
the film thickness of the redeposited interlayer 
insulating film 34 is 300 nm, degradation of the 

15 ferroelectric capacitor Q is slight. Thus, the 

polarization charge amount after the annealing is 
reduced to 22.6 MC/cm 2 , which is a sufficient value to 
operate the FeRAM normally. 

The film thickness of the redeposited interlayer 

20 insulating film 34 such as 300 nm is decided with 

regard to the variation of the exposed portion of the 
cavities 33u. 

On the contrary, if the redeposited interlayer 
insulating film 34 is formed excessively thick, an 

25 aspect ratio of the via hole 33a is increased, so that 

coverage of the glue layer 35a and the tungsten film 
35b in the via hole 33a becomes worse. That is, the 
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upper limit value of the film thickness of the 
redeposited interlayer insulating film 34 is decided 
based on the aspect ratio of the via hole 33a. For 
example, in the event that the aspect ratio of the via 

5 hole 33a is set to 2.3, the redeposited interlayer 
insulating film 34 needs the film thickness of about 
0.4 lira (400 nm) if a diameter of the via hole 33a is 
set to 0.6 Urn and the thickness of the fourth 
interlayer insulating film 33 is set to 1.0 Mm. 

10 After the steps of forming the redeposited 

interlayer insulating film 34 and the via 35 according 
to above steps have been completed, a wiring 36 is 
formed by forming a 50 nm thick first TiN film, a 500 
nm Al film, and a 50 nm thick second TiN film in 

15 sequence on the redeposited interlayer insulating film 

34 and then patterning these films. If the glue layer 
35a is left on the upper surface of the redeposited 
interlayer insulating film 34, formation of the first 
TiN film is omitted and thus the aluminum film and thus 

20 the second TiN film are formed on the glue layer 35a. 

Then, as shown in FIG. 16, a second- layer aluminum 
wiring 36 is formed on the redeposited interlayer 
insulating film 34 by patterning the first and second 
TiN films and the Al film or the second TiN film, the 

25 Al film, and the glue layer by means of the 

photolithography method. 

Then, an Si02 film of 200 nm thickness is formed 



as a first cover insulating film 37 on the second- layer 
aluminum wiring 36 and the redeposited interlayer 
insulating film 34 by the plasma enhanced CVD method 
using TEOS. Then, a second cover insulating film 38 
5 made of SiN and having a thickness of 500 nm is formed 
on the first cover insulating film 37 by the plasma 
enhanced CVD method. The second- layer wiring 36 is 
covered with the first cover insulating film 37 and the 
second cover insulating film 38. 
10 Planar positional relationships between various 

conductive patterns in the memory cell region 1 after 
the second- layer wiring 36 is formed are shown in 
FIG. 21. In this case, insulating films except the 
device isolation insulating film 11 are omitted from 

15 FIG. 21. 

With the above steps, a basic structure of the 
FeRAM using the ferroelectric substance as the 
capacitor dielectric film 24 can be completed. 

In the present embodiment, the upper surface of 

20 the fourth interlayer insulating film 33 covering the 

capacitor Q and the first-layer aluminum wiring 32a is 
planarized by the CMP method. Accordingly, pattern 
precision of the second- layer aluminum wiring 36 that 
is formed flat on the fourth interlayer insulating film 

25 33 formed on the capacitor Q and the wiring 32a can be 

improved . 

Also, since the moisture in the fourth interlayer 



insulating film 33 is removed by applying the N 2 0 
plasma annealing after the fourth interlayer insulating 
film 33 is polished, reduction and degradation of the 
ferroelectric film (capacitor dielectric film 24) can 
be avoided even when the heating is applied by 
succeeding steps. As a result, the FeRAM having the 
good characteristics can be manufactured. In addition, 
since the N 2 0 plasma annealing is carried out at the 
temperature of less than 450 °C , the first -layer 
aluminum wiring is never degraded. 

The polarization charge amount of the capacitor Q 
is examined in both cases that the FeRAM is formed by 
applying the N2O plasma annealing step and the FeRAM is 
formed by omitting such N 2 0 plasma annealing step. 
Then, the results shown in Table 2 are derived. It has 
been confirmed that the N 2 0 plasma annealing is 
effective to prevent the degradation of the capacitor. 
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In the above embodiment, the case is discussed 
where the dehydration process is applied to the fourth 
interlayer insulating film 33 by the N 2 0 plasma 
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annealing. But, the gas used in the dehydration 
process is not limited to the N2O gas. For example, 
the same advantage can be achieved by the plasma 
annealing employing a single gas such as an N 2 gas or 
an O2 gas or an NO gas or a mixed gas such as N2O + N 2 , 
or N 2 0 +0 2 . The inert gas such as Ar, He, or Ne may be 
mixed with the single gas or the mixed gas. 

Furthermore, in the above embodiment, the 
redeposited inter layer insulating film 34 is formed 
after the dehydration process is applied to the fourth 
interlayer insulating film 33. In this case, the 
redeposited interlayer insulating film 34 is formed on 
the fourth interlayer insulating film 33 which has been 
subjected to the CMP polishing and then the dehydration 
process may be applied. 

If the redeposited interlayer insulating film 34 
is formed thin like the above embodiment, an amount of 
moisture contained in the redeposited interlayer 
insulating film 34 is very small. In contrast, if the 
redeposited interlayer insulating film 34 is formed 
thick, there is a possibility that the capacitor 
dielectric film is reduced by the moisture contained in 
the redeposited interlayer insulating film 34. In 
order to prevent this, after the redeposited interlayer 
insulating film 34 is formed, the dehydration process 
may applied by the plasma annealing using N 2 0 or NO. 
However, in this case, if the redeposited interlayer 



insulating film 34 is formed of the silicon oxide 
nitride (SiON) film by the plasma enhanced CVD method 
or the silicon nitride (SiN) film by the plasma 
enhanced CVD method, the moisture in the fourth 
interlayer insulating film 33 cannot be sufficiently 
removed since these films are hard to penetrate. 
Therefore, it is preferable that, if the plasma 
annealing is applied after the redeposited interlayer 
insulating film 34 is formed, the redeposited 
interlayer insulating film 34 should be formed of the 
plasma TEOS film, the O3-TEOS film, or the plasma SiC>2 
film. 

More particularly, in place of the TEOS film (P- 
TEOS film) formed by the above plasma enhanced CVD 
method, the TEOS (O3-TEOS) film formed by the thermal 
CVD method using O3 and TEOS, the Si0 2 (P-Si02> film 
formed by the plasma enhanced CVD method, the Si0 2 film 
formed by the non-bias HDP (High Density Plasma) -CVD, 
the SiON (P-SiON) film formed by the plasma enhanced 
CVD method, the SiN (P-SiN) film formed by the plasma 
enhanced CVD method, etc. may be employed as the 
redeposited interlayer insulating film 34. In this 
case, since a moisture containing amount of the O3-TEOS 
film is larger than the P-TEOS film, the P-TEOS film is 
employed in the above steps. However, since the SiON 
film and the SiN film have low moisture permeability, 
if these films are used as the redeposited interlayer 



insulating film 34, the redeposited interlayer 
insulating film 34 must be formed after the dehydration 
process of the fourth interlayer insulating film 33 is 
performed. 

5 FIG. 22 is a graph showing a dependency of the 

polarization charge amount on a dehydration process 
time, wherein an abscissa denotes the plasma annealing 
process time of the interlayer insulating film and an 
ordinate denotes the polarization charge amount (QSW) . 

10 As the plasma annealing conditions, the temperature is 

350 °C , the plasma applied power is 300 W, a flow rate 
of N2O is 700 seem, and a flow rate of the N2 gas is 
200 seem. It is possible to say that, if a value of 
the polarization charge amount QSW is increased, the 

15 polarization characteristic can be improved. 

As can be seen from FIG. 22, the sufficient 
characteristic can be obtained by setting the plasma 
annealing process time to three minutes or more. The 
polarization charge amount of the ferroelectric film in 

20 the initial state is about 28 H C/cm 2 . Thus, the 

polarization charge amount can be recovered up to the 
initial state by executing the plasma annealing for 
four minutes . 

In the above embodiment, the SiC>2 film formed by 

25 the plasma enhanced CVD method using the TEOS gas is 

employed as the fourth interlayer insulating film 33. 
In addition to this, the fourth interlayer insulating 
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film 33 may be formed by the TEOS (O3-TEOS) film formed 
by the thermal CVD method using O3 and TEOS, the SiC>2 
(P-SiC>2) film formed by the plasma enhanced CVD method, 
etc. The growth rate of the O3 TEOS film is smaller 
5 than that of the P-TEOS film. And, it is hard to form a 

cavity in the O3-TEOS film. 

In the above embodiment, the FeRAM and steps of 
forming the same are explained. Also, in the volatile 
memory having the high-dielectric capacitor (DRAM) , 

10 insulating property of the high- dielectric material is 

deteriorated by the moisture and the annealing, and the 
interface between the high- dielectric material film and 
the electrode is ready to degrade. Therefore, like the 
above, after the upper surface of the insulating film 

15 formed on the ferroelectric capacitor is planarized by 

the CMP method, the dehydration process of the 
insulating film is performed by using the gas such as 
N2O, NO, etc., otherwise the redeposited interlayer 
insulating film may be formed on the surface planarized 

20 after the dehydration process or before the dehydration 

process by using P-TEOS. The high- dielectric material 
such as (BaSr)Ti03, etc. may be employed as the high- 
dielectric material. 

Also, the present invention may be applied to the 

25 fabrication of the hybrid system LSI which consists of 

the ferroelectric nonvolatile semiconductor memory or 
the high- dielectric semiconductor memory and the logic 



device . 

As described above, according to the present 
invention, since the insulating film formed on the 
capacitor and the wiring formed on the capacitor is 
5 planarized by polishing, the wiring can be easily 

formed with good precision on the flat surface of the 
insulating film. 

Also, since the hydration process is applied to 
the polished insulating film by the plasma annealing 

10 containing N2O or NO, the moisture attached to the 

surface of the insulating film or the moisture 
penetrated into the insulating film can be more surely 
removed and thus reduction of the ferroelectric 
material or the high- dielectric material constituting 

15 the capacitor can be prevented. As a result, the 

degradation of the dielectric characteristic of the 
ferroelectric material or the high -dielectric material 
can be avoided, and thus the FeRAM or DRAM having the 
good characteristic can be manufactured. 
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What is claimed is: 

1. A semiconductor device comprising: 

a transistor having a first impurity region and a 
second impurity region formed on a semiconductor 
substrate, and a gate electrode formed on the 
semiconductor substrate; 

a first insulating film for covering the 
transistor; 

a capacitor formed on the first insulating film, 
the capacitor having a dielectric film formed of either 
ferroelectric material or high-dielectric material, and 
an upper electrode and a lower electrode positioned to 
put the dielectric film therebetween; and 

a silicon oxide film formed over the capacitor 
and having its planarized surface, at least the 
planarized surface of the silicon oxide film including 
nitrogen . 

2. A semiconductor device according to claim 1, 
wherein cavities are formed in an inside of the silicon 
oxide film. 

3. A semiconductor device according to claim 1, 
further comprising, 

a second insulating film formed between the 
capacitor and the silicon oxide film; and 

a wiring formed on the second insulating film. 

4 . A semiconductor device according to claim 2 , 
further comprising: 



a- third insulating film formed on the silicon 
oxide film. 

5. A semiconductor device comprising: 

a transistor having a first impurity region and a 
5 second impurity region formed on a semiconductor 

substrate, and a gate electrode formed on the 
semiconductor substrate; 

a first insulating film for covering the 
transistor; 

10 a capacitor formed on the first insulating film, 

the capacitor having a dielectric film formed of either 
ferroelectric material or high-dielectric material, and 
an upper electrode and a lower electrode positioned to 
put the dielectric film therebetween; 

15 a second insulating film formed on the capacitor; 

a local interconnection formed on the second 
insulating film, for electrically connecting the upper 
electrode of the capacitor to the first impurity 
region ; 

20 a third insulating film formed on the local 

interconnection and the second insulating film; 

a first wiring formed on the third insulating 
film and electrically connected to the second impurity 
region via a hole which is formed on the first 
25 insulating film, the second insulating film, and the 

third insulating film; 

a fourth insulating film formed on the first 
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wiring and having its upper planarized surface; and 

a second wiring formed on the fourth insulating 

film. 

6. A semiconductor device according to claim 5, 
5 wherein cavities, a part of which are exposed from the 

upper surface of the fourth insulating film, are formed 
in an inside of the fourth insulating film. 

7. A semiconductor device according to claim 6, 
wherein the cavities are located in regions between a 

10 plurality of capacitors. 

8. A semiconductor device according to claim 6, 
further comprising: 

a fifth insulating film formed on the fourth 
insulating film to cover the cavities which are exposed 
15 from the upper surface of the fourth insulating film. 

9. A semiconductor device according to claim 5, 
wherein the second wiring is connected to the first 
wiring via the hole formed in the fourth insulating 
film. 

20 10. A semiconductor device according to claim 5, 

wherein the third insulating film and the fourth 
insulating film are formed of a silicon oxide film. 

11. A semiconductor device according to claim 5, 
wherein an upper surface of the first insulating film 

25 is a planarized surface. 

12. A semiconductor device comprising: 

a transistor having a first impurity region and a 



second impurity region formed on a semiconductor 
substrate, and a gate electrode formed on the 
semiconductor substrate; 

a first insulating film for covering the 
transistor; 

a capacitor formed on the first insulating film, 
the capacitor having a dielectric film formed of either 
ferroelectric material or high- dielectric material, and 
an upper electrode and a lower electrode positioned to 
put the dielectric film therebetween; 

a second insulating film covering the capacitor; 

and 

wherein a surface of the second insulating film 
is planarized and plasma annealed. 

13. A method of manufacturing a semiconductor 
device comprising the steps of: 

forming a transistor on a semiconductor 
substrate; 

forming a first insulating film on the 
semiconductor substrate to cover the transistor; 

forming a capacitor, which includes a dielectric 
film formed of either a ferroelectric material or a 
high- dielectric material and an upper electrode and a 
lower electrode formed to put the dielectric film 
therebetween, on the first insulating film; 

forming a second insulating film over the 
capacitor ; 



planarizing an upper surface by polishing the 
second insulating film; and 

applying a dehydration process to the second 
insulating film by plasma annealing. 

14. A method according to claim 13, wherein the 
plasma annealing is performed by plasmanizing a single 
gas of one of N 2 0, N 2 , NO, and 0 2 , or a mixed gas 
including one of N2O, N 2 , NO and 0 2 . 

15. A method of manufacturing a semiconductor 
device according to claim 13, wherein the second 
insulating film is formed by a plasma enhanced CVD 
method using a TEOS gas. 

16. A method of manufacturing a semiconductor 
device according to claim 13, wherein cavity is formed 
in the second insulating film. 

17. A method of manufacturing a semiconductor 
device according to claim 16, wherein upper portions of 
the cavity is exposed by polishing the second 
insulating film. 

18. A method of manufacturing a semiconductor 
device according to claim 13, further comprising the 
step of: 

forming a third insulating film on the second 
insulating film after the dehydration process. 

19 . A method of manufacturing a semiconductor 
device according to claim 13, further comprising the 
step of: 
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forming a fourth insulating film between the 
capacitor and the second insulating film to cover the 
capacitor ; and 

forming a wiring between the second insulating 
5 film and the fourth insulating film. 



ABSTRACT OF THE DISCLOSURE 

There is provided a semiconductor device which is 
manufactured via steps of forming a capacitor which is 
obtained by forming in sequence an upper electrode, a 
dielectric film formed of ferroelectric material or 
high- dielectric material, and a lower electrode on a 
semiconductor substrate, then forming an interlayer 
insulating film on the capacitor, then planarizing a 
surface of the interlayer insulating film by the CMP 
polishing, then removing a moisture attached to a 
surface of the interlayer insulating film or a moisture 
contained in the interlayer insulating film by applying 
the plasma annealing using an N2O gas, and then forming 
a redeposited interlayer film on the interlayer 
insulating film. 
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Declaration and Power of Attorney for U.S. Patent Application 






Japanese Language Declaration 






As a below named inventor, I hereby declare that: 




My residence, post office address and citizenship are as stated 
next to my name. 


i {Tffi^fcffrJ&MSSW*©^) ft CTv^-t. 


1 believe \ am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

SEMICONDUCTOR DEVICE AND METHOD OF 


MANUFACTURING THE SAME 




the specification of which is attached hereto unless the following 
box ts checked: 


f ** * -r a MT IE 3 ivi L fc. 


□ was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended on 
(if applicable). 




1 hereby state that 1 have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 


fell, iSWSlUiJfe^SE 3 7»»1^5 sm\Z&mZh2>k 


I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 
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Prior Foreign Appiication(s) 

*M3T-tB*fTiiiJBf 
11-170667 

(Number) 

(#*) 

(Number) 
(*■*) 



JAPAN 



(Country) 



(Country) 



SL. t. SS 3 5 fti&S&ft 1 1 9 & (e) 3KcSv^rTS5«* 



(Application No.) 



(Fifing Date) 
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(Application No ) 



(Application No.) 



(Filing Date) 
(rH«R) 

(Filing Date) 
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I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States t listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

1 7/06/1 999 

(Day/Month/Year Filed) ° 



(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code. 
Section 113(e) of any United States provisional applicatton(s) listed 
beiow. 



(Application No.) 

was*) 



(Filing Date) 
(WJHB) 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is net disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 

(Status: Patented, Pending. Abandoned) 

(Status Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title *18 of the 
United States Code and that such willful false sU/cments may 
jeopardize the validity of the application or any paient issued 
thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith (Jist name and registration number) 
See list of attorneys and/or agents on page 5. 



Send Correspondence to: 

ARMSTRONG, WESTERMAN, HATTORI, 

McLELAND & NAUGHTON 
1725 K Street, N.W., Suite 1000 
Washington, D.C. 20006 



Direct Telephone Calls to: (name and telephone number] 



Telephone: (202) 659-2930 Fax: (202) 887-0357 





Fuli name of sole or first inventor 
Akio ITOH 




Inventor's signature _ /l^^O Bate 

j44Lu> H&l&W Jun. 2, 2000 




Residence 

Kanagawa, Japan 


mm 


Citizenship 

Japan 


c/o FUJITSU LIMITED, 1 


Post Office Address 

-1, Kamikodanaka 4-chomp.. Nakahar-* kn ; 


Kawasaki- shi , Kanagawa 


21 1-8588 Japan 




Fufi name of second joint inventor, if any 




Second inventor's signature Date 




Residence 


mm 


Citizenship 




Post Office Address 





<3P— &>&<DX-m ¥tWfi\C^ v X -> fSJ«»C3aa U S£ Sr"*" (Suppty similar information and signature for third and subsequent 
r> ^ ^ joint inventors.) 
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Third inventor's signature 


Date 






Residence 
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Citizenship 








Post Office Address 










Full name of fourth joint inventor. If any 
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Fourth Inventor's signature 


Oate 






Residence 








Citizenship 








Post Office Address 










Full name of fifth Joint Inventor, if any 








Fifth inventor's signature 


Date 






Residence 
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Citizenship 








Post Office Address 










Full name of sixth joint Inventor, if any 
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Date 






Residence 
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22,631; James P. Welch, Reg. No. 17,379; Albert Tockman, Reg. No. 19,722; Mel 
R. Quintos, Reg. No. 31,898; Donald W. Hanson, Reg. No. 27,133; Stephen G. 
Adrian, Reg. No. 32,878; William L. Brooks, Reg. No. 34,129; John F. Carney, Reg. 
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